Structure-activity relationships of the antimalarial agent artemisinin. 3. Total synthesis of (+)-13-carbaartemisinin and related tetra- and tricyclic structures.
Provided by total synthesis, endoperoxides 18, 20, and 22 underwent intramolecular oxymercuration-demercuration leading respectively to formation of an isomeric tetracycle, (1aS, 3S, 5aS, 6R, 8aS, 9R, 12S)-10-deoxo-13-carbaartemisinin (19), (+)-10-deoxo-13-carbaartemisinin (21), and (+)-13-carbaartemisinin (4). Structure assignment to 19 and 21 was based on single-crystal X-ray crystallographic analysis. Tricyclic endoperoxide 20 was converted to methyl and benzyl ethers 23 and 24 and reduced to saturated analog 25 which was also converted to ethers 26 and 27. In vitro antimalarial screening of both tri- and tetracyclic analogs was conducted using the W-2 and D-6 clones of Plasmodium falciparum. Neither target 4 nor 21 displayed substantial antimalarial potency in vitro against P. falciparum, but the diastereomeric peroxide 19 possessed good antimalarial potency in vitro. Tricyclic analogs were uniformly impotent. Iron(II) bromide-promoted rearrangement of 21 gave, in 79% yield, the unique tetracyclic alcohol 35, while 19 provided ring-opened cyclohexanone 41 (39%) along with the tricyclic epoxide 42 (20%). Neither 41 nor 42 possessed in vitro antimalarial activity, suggesting that epoxide-like intermediates are not responsible for the mode of action of this subclass of antimalarials. Rearrangement of 10-deoxoartemisinin (43) with FeBr2 gave a major product (79%) not encountered in the rearrangement of artemisinin that resulted from unraveling of the tetracyclic system cyclohexanone 46. Minor amounts of 1,10-dideoxoartemisinin (49) (8%) were also produced in this reaction.